The cell line KB18 constitutively expresses adenovirus type 2 (Ad2) early region 1B (E1B) genes in the absence of E1A expression and thus is useful for understanding the function and properties of E1B gene products. We report here that KB18 cells complement the cyt and deg phenotypes of Ad2 cytocidal (cyt) mutants and an Adl2 cyt mutant. Thus the E1B 19K polypeptide in KB18 is functional. Expression of E1B mRNA and synthesis of the 19K polypeptide were studied in wild-type Ad2-and Ad2cytl5-infected KB cells at 15 h post-infection, and in KBI8 cells. Although E1B mRNA synthesized in KB18 cells at 5 to 7~ of the level in Ad2-infected KB cells, the amount of E1B 19K polypeptide formed was similar. In contrast, the amount of 19K protein in Ad2cytl5-infected KB cells was about one-tenth of that in Ad2-infected cells, although expression of E !B mRNA was comparable to that during Ad2 infection. The half-lives of the 19K polypeptide in wild-type-infected KB cells, in Ad2cytl5infected KB cells and in KB18 were approximately 90 min, 25 min and 22 h, respectively. The cyt phenotype was expressed at 30 to 35 h post-infection, thus showing that the instability of the 19K polypeptide in Ad2cytl 5-infected cells is not due to alteration of cell morphology or cell destruction.
INTRODUCTION
The cytocidal (cyt) mutants of human adenoviruses (Ads) have mutation(s) in the early region, E1B, encoding the 19K polypeptide (Chinnadurai, 1983; Pilder et al., 1984; Takemori et al., 1984; White et al., 1984a) . Ad2 or Ad5 cyt mutants (Bernards et aL, 1986; Chinnadurai, 1983; Pilder et al., 1984; Takemori et al., 1984; Subramanian et al., 1984; White et al., 1984a) and Adl2 cyt mutants (Bernards et al., 1983; Mak & Mak, 1983 ) are transformation-defective. Cyt mutants produce the cyt phenotype (enhanced cellular destruction) (Takemori, 1972; Chinnadurai et al., 1979; Takemori et al., 1984) and deg phenotype (degradation of viral and cellular DNA) (Ezoe et al., 1981; Lai Fatt & Mak, 1982; D'Halluin et al., 1985) , during productive infection of KB or HeLa cells. However, little is known about the function of the 19K protein in terms of either its transformation ability or whether it affects the stability of the host cells during the productive cycle.
KB18 (GPT ÷ KB cell line 18) contains integrated Ad2 E1B DNA and produces both the 22S and 13S E 1B mRNAs, although to a much lesser extent than Ad2-infected KB cells (Babiss et al., 1983) . Since KB18 complements H5d1315 (a host range mutant defective in E1B function), a functional E1B gene must be present (Babiss et al., 1983) . The question arises as to how KBI8 can possess a sufficient quantity of the 19K polypeptide to complement these phenotypes. Our experiments show that 19K in KB18 is extremely stable and that the ability of KB18 cells to complement the mutants is probably due to the stability of 19K.
The DNA sequences in the E1B 19K-coding region have been determined for about 10 cyt or lp mutants, and the amino acid changes map in different regions of the 19K protein. It has been shown that, in some mutants, the cyt, deg and lp phenotypes could be segregated (Subramanian 0000-8805 © 1989 SGM & Chinnadurai, 1986 White et al., 1984a) . The mutations may therefore affect functional site(s) of 19K that are related to the respective phenotypes. However, many cyt and lp mutants produce similar phenotypes in infected human cells, suggesting that these mutations cause similar changes in biochemical properties. The amount of 19K polypeptide present in missense cyt mutant-infected KB or HeLa cells has been reported to be much less than in wild-type (wt)infected cells (Chinnadurai, 1983; White et al., 1984a) . Moreover, infection with H5d/337, a host range mutant which does not produce the E1B 19K polypeptide, also produces cyt and deg phenotypes . Thus mutated 19K does not by itself produce these phenotypes. The phenotypes of human cells infected with various missense cyt mutants may be due to the inactivation of 19K. However, it is also possible that the lower levels of 19K could produce the phenotype. It is not known why the amount of 19K polypeptide is reduced in the mutantinfected cells.
We therefore examined the stability of the 19K polypeptide in infected KB and KB18 cells. We show here that the half-lives of the 19K polypeptide in wt Ad2-infected KB cells, in Ad2cytl5-infected KB cells and in KB18 are approximately 90 min, 25 min and 22 h, respectively. The amount of 19K in KB18 cells was almost comparable to that in Ad2-infected cells, although expression of E1B mRNA was less than 10~ of that of Ad2-infected cells. In contrast, the amount of 19K in Ad2cytl5-infected KB cells is about one-tenth of that in Ad2infected cells, although expression of E1B mRNA is comparable to that during wt infection. Furthermore, we found that the instability of the 19K polypeptide in cyt mutant-infected cells was detected before the cyt phenotype or cellular destruction was produced. These results suggest that the lower levels of accumulation of the E1B 19K polypeptide in cyt or dl mutantinfected human cells could be due to the instability of mutated 19K polypeptides.
METHODS

Cells and viruses.
Monolayer cultures of KB cells, KB8 (a KB cell line that constitutively expresses Ad2 E1A), KB16 (a KB cell line that constitutively expresses Ad2 E1A and E1B), KB18, and 293 cells were grown in Dulbecco's modified Eagle's medium supplemented with 10% foetal calf serum. The cell lines were provided by Drs C. S. H. Young and H. S. Ginsberg. Ad2 wt virus, Ad2 cyt mutants and the Adl2 cyt mutant were propagated in either KB or KB18 cell suspension cultures and their titres were determined by plaque formation on KB cells or human embryo kidney cells as described previously (Green & Wold, 1979; Takemori et al., 1984) . H5d1337 (an Ad5 mutant which lacks a 147 bp sequence within the E1B region, provided by Dr T. Shenk) was propagated in KB ceils and the plaque assay was performed on KB ceils.
Extraction of low M r DNA. Low Mr DNA was isolated from monolayer cultures of virus-infected KB cells or KB cell lines by the method of Hirt (1967) with the modifications of White et al. (1984a) .
Preparation and analysis ofRNA. KB cells grown in a 150 cm z monolayer flask were infected with wt Ad2 or Ad2cytl5 at an m.o.i, of approximately 20 p.f.u./cell and harvested at 15 h post-infection (p.i.). Uninfected KB18 and 293 cells were also grown and harvested. Cytoplasmic RNA was isolated from the cells as previously described (Biittner et al., 1974) . Poly(A) ÷ RNA was obtained using a poly(U~Sepharose column (Pharmacia). Virus-specific E1B mRNA species were identified by electrophoresis of denatured poly(A) ÷ RNA (10 txg) on agaroseformaldehyde gels (Derman et al., 1981) , transferring the RNAs to nitrocellulose filters (Thomas, 1980) , and hybridization with a 32p-labelled Ad2 E1B probe (map units 5.0 to 7.9).
Western blot analysis. KB ceils grown in 25 cm 2 monolayer flasks were infected with wt Ad2 or Ad2cytl5 at an m.o.i, of 20, and harvested at 15 h p.i. Uninfected KB18 and 293 cells were also grown and harvested. Total proteins were isolated from ceils as described by Gaynor et aL (1982) or by the sonication method (Brackmann et al., 1980) . Proteins were electrophoresed on an SDS-polyacrylamide gradient (5 to 20~) gel, electrophoretically transferred to nitrocellulose filters (BA83), and incubated for 16 h with antiserum directed against a synthetic peptide from the C-terminal 16 amino acids of E1B 19K (Symington et al., 1981 ; Green et al., 1983) . The antiserum was provided by Dr M. Green. After three washes with phosphate-buffered saline (PBS) containing 0.05 ~ Tween 20, blots were probed with 10 ~tCi of 125i.labelled Protein A (Amersham) in 10 ml of PBS containing 1 ~ bovine serum albumin for 1 h at room temperature. The labelled blot was washed three times and exposed to Xray film at -70 °C with an intensifying screen. The relative amount of E1B 19K was determined by scanning densitometry of the band on the fluorogram. The scanning densitometry applied here was properly controlled so as to be quantitative (Murasugi et al., 1987) .
Indirect immunofluorescence. Localization of the E1B 19K polypeptide in infected KB and KB18 cells was examined by indirect immunofluorescence as described (Symington et al., 1981 ; White et al., 1984b) . KB and KB18 cells, plated on glass coverslips at 30 to 50% confluence I day before infection, were infected at an m.o.i, of 20 p.f.u./cell. KB18 cells were also examined without virus infection. At 15 h p.i., the coverslips were washed with PBS, the cells were fixed in methanol, followed by incubation with the antiserum directed against the C terminus of the E1B 19K protein.
Immunoprecipitation. Virus-infected KB cells (20 p.f.u./cell), and uninfected KB 18 and 293 cells, each cultured in a 25 cm 2 flask, were labelled with [35S]methionine (50 ~tCi/ml, 1100 Ci/mmol) for periods as indicated in Fig. 5 and 6 in methionine-free medium supplemented with diatysed foetal calf serum (Gibco). Cultures were harvested and washed with cold PBS containing 1 mM-PMSF and 10 mM-unlabelled methionine (Fig. 5b) . For pulse-chase labelling, cultures were washed and incubated in a medium containing unlabelled methionine for various times (Fig. 6 ). Cells were tysed in 0.8 ml of buffer A (10 mM-Tris-HC1 pH 8.5, 0.25 M-sucrose, 3.7 mM-CaC12, 12 mM-MgCI2, 1% NP40, 1 mM-PMSF, 10 mM-methionine) at 4 °C for 1 h with rotation and occasional vortexing, and centrifuged at 1000 r.p.m, for 5 min (Matsuo et al., 1982; Green et al., 1983) . Each supernatant was supplemented with 0.2 ml of 2 M-KC1, 50% glycerol, and clarified by centrifugation at 100000 g for 1 h at 4°C. Immunoprecipitation was performed on this supernatant using the antiserum directed against the C-terminal peptide of 19K by the method described by Green et al. (1983) . Control experiments demonstrated that antibody was in excess and immune precipitation was quantitative. The precipitated E1B 19K polypeptide was eluted by boiling and centrifugation, and the supernatant was analysed by SDS-PAGE (5 to 20%). The gel was fluorographed with Amplify (Amersham), dried and exposed to X-ray film at -70 °C with an intensifying screen.
RESULTS
Complementation of the cyt phenotype in KB18 cells
The cyt mutants of Ad2 (Takemori et al., 1984) and Adl2 (Takemori, 1972) produce an unusual c.p.e. (scattering of small disrupted cells) in human KB or HeLa cells, which is clearly distinguishable from typical Ad c.p.e. (aggregation of large round cells).
We examined whether the cyt phenotype produced by Ad2cytl 5, a double missense mutant at codons 22 and 34 in the E 1B 19K polypeptide (Table 1) , is complemented during infection of KB18 cells. As shown in Fig. 1 , the wt c.p.e, was produced in KB cells and in all the KB cell lines (a, b, c and d) when infected with wt Ad2, and cyt-type c.p.e, was produced in KB (e), KB8 (f) and KB16 (g) cells when infected with Ad2cytl 5. In contrast, mutant cytl5 produced wt c.p.e, in KB18 cells (h). It is therefore concluded that the E1B 19K polypeptide produced in KB18 is functional in terms of the production of wt c.p.e. Failure to be complemented by KB 16, which was reported to produce both E1A and E1B mRNAs, may be due to similar effects seen in E1B mutant-infected 293 cells White et al., 1984a) .
Similar results were obtained when other cyt mutants (cytl, cyt7, cytl 3, cytl4 and cyt26) were used to infect KB cells and KB cell lines (i.e. cyt c.p.e, in KB cells, KB8 and KB 16, and wt c.p.e. in KB18; data not shown). We also investigated whether KB18 can complement the cyt c.p.e. 
Complementation of the deg phenotype in KB18 cells
Cyt mutants induce degradation (deg phenotype) of viral and cellular DNAs in human cells (Ezoe et al., 1981 ; Lai Fatt et al., 1982; D'Halluin et al., 1985) . The deg locus has been located in the 19K-coding region. We examined whether the deg phenotype produced by Ad2 cyt mutants and the Adl2 cyt mutant is complemented by KB18. Fig. 2 shows the analysis of the Hirt supernatant DNA from KB cells and cell lines infected with Ad2cyt7 (a and b) and Ad2cytl5 (c and d) at 40 h p.i. Both cyt mutants induced DNA degradation in KB cells (lanes 2 and 7), KB8 (lanes 3 and 8) and KB16 (lanes 4 and 9) . However, the deg phenotype was complemented in KB18 (lanes 5 and 10). We conclude that the E1B 19K polypeptide expressed in KB 18 is also functional in protecting against DNA degradation during virus propagation.
DNA degradation induced by cyt mutants appeared more prominently in KB8 (Fig. 2 , lanes 3 and 8) than in KB cells (Fig. 2, lanes 2 and 7) . We do not know why the deg phenotype is 1 2 3 4 (b) 5 6 7 8 9 1 0 1112 1 2 3 4 5 6 7 8 9 1 0 enhanced in KB8 cells. It is noteworthy that E 1A gene product(s) were reported to be necessary for the induction of the cyt and deg phenotypes (White & Stillman, 1987) . Pre-existence of the E1A gene products may produce an enhanced deg phenotype in mutant-infected KB cells.
D N A degradation induced in KBI6 varied with the cyt mutant. When infected with cyt7, D N A degradation was not apparent in KB16 ( Fig. 2a and b, lane 9) , but was pronounced with cytl 5 (lane 9 in c and d). This appears to be similar to that reported in 293 cells, in which the deg phenotype was either complemented or pronounced during infection with cyt mutants (White et al., 1984a) . These results suggest that coordinated expression of the E1A and E1B genes is 1 2 3 4 5 6 7 8 9 1 0 5 6 7 i- important in the production of the wt phenotype. It has been suggested recently that coordination of the entire E 1 region is required for adenovirus transformation and oncogenesis (Byrd et al., 1988; Yoshida et al., 1987) .
Complementation of the deg phenotype in KB18 cells also occurred when KB18 cells were infected with other Ad2 mutants (cytl, cytl3, cytl4 and cyt26) (data not shown). Moreover, KB 18 complemented the deg phenotype induced by Ad 12cytl (Fig. 3) , indicating that Ad2 19K can complement both the deg and cyt phenotypes of Adl2.
Analysis of E1B rnRNA expression
Babiss et al. (1983) showed that the overall production ofE1B m R N A s in KB18 was 10-to 20fold less than in Ad5-infected KB cells. We quantified E1B m R N A s in KB18 and Ad2-infected KB cells by Northern blot analysis using an Ad2 E1B (map units 5-0 to 7.9) D N A probe ( Fig. 4 and Table 2 ). RNA was analysed by Northern blotting (see Fig. 4 ), and the level of hybridization was determined by scanning densitometry.
§ The relative amount of E1B 19K polypeptide was determined by scanning densitometry of the band of the fluorogram shown in Fig. 5 (a) .
I[ The relative synthesis was determined by scanning densitometry of the band of the fluorogram shown in Fig.  5(b) .
Level and synthesis of the E1B 19K polypeptide
The level of E1B mRNA expression in KB 18 cells was approx. 5 % that of Ad2-infected KB cells suggesting that KB18 expresses a low level of the 19K protein. We quantified the steadystate level of 19K polypeptide expressed in KB 18 and wt Ad2-and Ad2cytl 5-infected KB cells by Western blot analysis (Fig. 5a) .
Surprisingly, the E 1B 19K polypeptide in KB 18 cells (Fig. 5, lane 4) was almost comparable in its abundance to that in Ad2-infected KB cells (Fig. 5, lane 2; Table 2) at 15 h p.i. when synthesis of E1B mRNAs is maximal. The 19K polypeptide expressed in cytl5- (Fig. 5, lane 3 ; Table 2 ) and cyt7-(data not shown) infected KB cells at 15 h p.i. is much reduced, consistent with results with other missense cyt mutant-(lp3, lp5 and cyt105) infected cells (Chinnadurai, 1983; White et al., 1984a) . In addition, 19K was not detected in Ad5d1337-infected KB cells (data not shown), consistent with previous studies White et al., 1984a) . Similar results were obtained when 19K was extracted by a different protocol (Brackmann et al., 1980) .
To determine whether this difference in the level of 19K reflects its stability in different cells, or the efficiency of translation, we analysed the synthesis (Fig. 5b) and stability (Fig. 6 ) of the polypeptide. Immunoprecipitation was performed after pulse-labelling with [35S]methionine from 15 to 17 h p.i. for Ad2-and cytl 5-infected KB cells, and after labelling for 2 h for KB 18 cells ( Fig. 5 b; Table 2 ). Immunoprecipitation was carried out on cytoplasmic fractions to reduce nonspecific precipitation; at least 50~ of the E1B 19K polypeptide in total cell extracts was recovered in the cytoplasmic fraction (data not shown).
Our results show that 19K synthesis in KB18 (Fig. 5b, lane 4) and in Ad2cytl5-infected KB cells (lane 3) was 2 and 59~, respectively, of that in Ad2-infected KB cells (lane 2). E1B 19K synthesis in 293 cells (lane 5) was about 51 ~o (Table 2) of that in Ad2-infected KB cells. These results, together with the Northern blot analysis, suggest that the E1B 19K polypeptides in wt Ad2-and Ad2eyt-infected KB cells, and in KB18 cells, have different stabilities.
Stability of the E1B 19K polypeptide
The stability of the Ad2 and Ad5 E1A polypeptides has been extensively studied in productively infected and transformed cells (Spindler & Berk, 1984; Branton & Rowe, 1985) . In contrast, the stability of the E 1B polypeptides has not been investigated, except for one report that the E1B 19K polypeptide is more stable than E1A polypeptides (Branton & Rowe, 1985) . To investigate the stabilities of the 19K polypeptides in virus-infected and transformed cells, we pulse-labelled infected cells with pSS]methionine for 30 min (Ad2cytl5) or 1 h (Ad2) at 15 h p.i., or KB18 cells for 12 h, followed by a chase of unlabelled methionine for various times. The results of pulse-chase experiments in Ad2-infected KB, Ad2cytl5-infected KB and in KB18 cells are shown in Fig. 6 (a, b and c) . There is a remarkable difference in the stability of 19K. The half-lives of the E1B 19K polypeptides as estimated by densitometry scanning (Fig. 6d, e and f ) were approximately 90 min, 25 min and 22 h for wt Ad2-infected cells, Ad2cytl5-infected cells and KB18 cells, respectively. It is suggested that the stability of the 19K protein relates to the period of infection and the levels of E I A protein or both (see Discussion). The possible involvement of these factors suggests that the half-lives could be different from those we obtained if analysed under different conditions. However, our additional experiments showed that 19K in Ad2-infected cells was three to five times as stable as that in Ad2cytl 5-infected ceils and was 10 to 15 times less stable than that in KB18 cells under conditions similar to those applied here.
Localization of the EIB 19K polypeptide
The localization of the E 1B 19K polypeptide in wt Ad2-and E 1B mutant-infected HeLa cells and in 293 cells has been extensively studied (White et al., 1984b) . At 17 h p.i., the 19K polypeptide was shown to be localized in both the nuclear envelope and the cytoplasm (White et al., 1984b) . We investigated its intracellular localization by indirect immunofluorescence with an anti-peptide antibody directed against the C terminus of the 19K polypeptide. The 19K protein in wt-and cytl5-infected KB cells at 17 h p.i. and in KB18 cells was localized in both the nuclear envelope and the cytoplasm (data not shown) consistent with the results of White et ol. (1984b) . Moreover, it is of note that the mutant 19K with two amino acid substitutions in the internal hydrophobic domain (Ad2cyt7) (Takemori et al., 1984) was also localized in both the nuclear envelope and the cytoplasm as observed in wt-infected cells. This result suggests that the hydrophobic domain is not the site of membrane interaction. The Ad5 E IB 19K polypeptide has been shown to be acylated (McGlade et al., 1987) ; this modification may play a key role in the association of the E1B 19K protein with cell membranes.
DISCUSSION
We show here that there is a difference in stability between the E1B 19K polypeptides of wtand cyt mutant-infected KB cells, and between infected KB and KB 18 cells. This instability in the mutant-infected cells could be due to an increase of susceptibility to proteinase(s). Instability of mutated 19K was observed at times p.i. when neither c.p.e, nor instability of other proteins were detected (data not shown). The instability of mutated 19K results in a lower level of 19K in cyt mutant-infected cells.
The E 1B 19K polypeptide in wt Ad2-and Ad2cyt-infected KB cells is localized in the nuclear membranes and cytoplasm, but we do not know whether its stability differs at these sites. The 19K retained in the nuclear lamina was shown to be tightly associated and difficult to solubilize (White et al., 1984b) . Therefore, our cell extracts would not contain the 19K retained in the nuclear lamina. However, additional analyses, including Western blot analysis of accumulated 19K, measurement of the synthesis of 19K, and quantification of E1B mRNA, all suggest the mutated 19K is unstable.
We show here that the half-life of the E1B 19K protein in KB18 cells was about 15 times longer than in wt-infected KB cells. The reason for this is unknown. We did not test the stability of 19K in KB16 or 293 cells. However, our analyses in 293 cells, Western blot analysis, synthesis of the 19K, and quantification of the E 1B mRNA ( Table 2) , suggest that the stability of the 19K in 293 cells should be comparable to that in wt Ad2-infected cells. Possibly 19K is more stable in the absence of E 1A polypeptides. Branton & Rowe (1985) reported that the turnover of 19K in Ad5-infected KB cells was less than 30~ over a 4 h chase period at early times (8 h) p.i., suggesting higher stability than at intermediate times (15 h) (our result). E1A protein levels at the intermediate times are also higher than at the early times (Spindler & Berk, 1984) . Thus these results are consistent with the possible involvement of E1A polypeptides in the instability of 19K.
It is not known why Ads with mutation(s) in the E1B 19K-coding region produce the cyt and deg phenotypes in infected cells. White & Stillman (1987) constructed viruses to express cDNAs prepared from the individual E1A 13S, 12S and 9S RNAs in the presence of a mutation in the gene encoding the E1B 19K. Infection of HeLa cells with the 13S-or 12S-expressing virus induced the cyt and deg phenotypes. In contrast, a virus which exclusively expressed the 9S E 1A gene product did not produce the cyt and deg phenotypes, even at high mutiplicities of infection. We showed here that the deg phenotype was more pronounced in KB8 than in KB cells infected with cyt7 or eyt 15. It is clear that the E 1A polypeptides play a role in the induction of the cyt and deg phenotypes. However, the mechanism for induction of the phenotypes by the E1A gene products is not known.
As described above, the instability of the mutated E1B 19K protein gave rise to a poor accumulation of the polypeptide in infected cells. Furthermore, the stability of 19K, whether wt or mutated, appeared to be modulated by the E1A gene products. Abnormal changes in the stability of 19K during the productive cycle may be involved in the induction of the cyt and deg phenotypes.
